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Summary: A routine method is described for the enzymatic determination of phosphatidyl choline in the
apolipoprotein B-free supernatant after precipitation of blood sera with phosphotungstic acid/MgC!2. The
principle of this method is based on the specific cleavage of phosphatidyl choline by purified phospholipase C
from B. cereus, and the enzymatic determination of choline by choline kinase after hydrolysis of phosphoryl-
choline. The enzymatic method provides HDL phosphatidyl choline values which coincide with those of the
conventional chemical method. Furthermore, the values obtained with the enzymatic method for the HDL
fraction isolated by ultracentrifugation (1.063—1.21 kg/l) also closely coincide with those of the apolipo-
protein B-free supernatant fraction. The precision, linearity and sample stability were also checked. The
findings obtained show that the enzymatic assay introduced here is suitable for the routine determination of
phosphatidyl choline in the apolipoprotein B-free supernatant.
HDL phosphatidyl choline values of 1.18 ±0.37 mmol/1 (162 men) and 1.37 ± 0.38 mmol/1 (59 women)
were obtained using this method in normal individuals.
Zur Analytik von HDL Phosphatidylcholin mit einer enzymatischen Bestimmungsmethode
Zusammenfassung: Es wird eine Routinemethode für die enzymatische Bestimmung von Phosphatidylcholin
im Apoliprotein B-freien Überstand nach Fällung von Blutseren mit Phosphorwolframsäure/MgCb beschrie-
ben. Das Prinzip dieser Methode besteht in der spezifischen Spaltung von Phosphatidylcholin mit gereinigter
Phospholipase C aus B. cereus und der anschließenden enzymatischen Bestimmung von Cholin mittels Cho-
linkinase nach Hydrolyse von Phosphorylcholin. Im Vergleich zur konventionellen chemischen Methode er-
gab die enzymatische Methode übereinstimmende HDL Phosphatidylcholinwerte. Weiterhin wurden über-
einstimmende Ergebnisse mit der enzymatischen Methode zwischen der HDL-Fraktion, die durch Ultra-
zentrifugation (1,063—1,21 kg/l) isoliert wurde, und der Apolipoprotein Befreien Uberstandsfräktion erzielt.
Die Präzision, Linearität und JProbenstabilität wurden ebenfalls untersucht. Die Ergebnisse zeigen, daß die
eingeführte ehzymatische Methode für die routinemäßige Bestimmung von Phosphatidylcholin im Apolipo-
protein B-freien Überstand 'geeignet ist. Mit dieser Methode fanden wir in der Normalbevölkerung für Män-
ner (n = 162) einen HDL Phosphatidylcholinwert von 1,18 + 0,37 mmol/1 und bei Frauen (n = 59) einen
HDL Phosphatidylcholinwert von 1,37 ± 0,38 mmöl/1.
Introduktion constituent of HDL. However, the HDL do not rep-
In recent years the quantitation of high density lipo- resent a single substance, but are a heterogeneous
proteins (Ht>L) äs an indicator of the risk of coro- mixture of macromolecules, whose composition de-
nary heart disease has gained particular importance pends to a considerable degree on the metabolism of
(l, 2). The typical routine methods for determining HDL. For instance, in hypertriglyceridaemic sera the
HDL involve quantitative analysis of the cholesterol cholesterol tonstituent of HDL decreases with a con-
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comitant increase in the triglyceride values of these
particles (3, 4). Thus the HDL cholesterol value is
not representative for the HDL mass, but only re-
flects the cholesterol constituent of this particle frac-
tion. In order to be able to gain Information about
the HDL mass or the HDL composition, it is neces-
sary to determine simultaneously additional HDL
components such äs HDL apolipoproteins and HDL
phospholipids. Whereas additional determination of
HDL apolipoproteins has recently gained increasing
importance in clinical (4, 5, 6) and epidemiological
studies (7), the analysis of HDL phospholipids or
HDL phospholipid fractions such äs HDL phospha-
tidyl choline and HDL sphingomyelin have not so far
been incorporated into routine analysis, due to the
elaborate nature of the analysis involved.
Recently an enzymatic method for determining phos-
phatidyl choline in amniotic fluid was developed (8).
This assay involves phospholipase C-catalysed cleav-
age of phosphatidyl choline to yield diglycerides and
phosphorylcholine', äs well äs hydrolytic cleavage of
phosphorylcholine by alkaline phosphatase and spec-
tral photometric analysis of choline using choline ki-
nase. We have tested this method of measuring phos-
phatidyl choline in the supernatant fraction following
precipitation of apolipoprotein B-containing lipopro-
teins with phosphotungstic acid/MgC!2 (HDL phos-
phatidyl choline).
Materials and Methods
Phosphotungstic acid/MgCl2 precipitation reagent Boehringer
Mannheim, Test-No.: 400971
Phospholipase C from B. cereus (EC 3.1.4.3), maximum purity
Boehringer Mannheim, Order-No.: 241 709
(Phospholipase C was diluted to 80 U/ml with 3.2 mol/1 ammoni-
um sulphate)
Alkaline phosphatase (EC 3.1.3.1), specific activity 65 U/mg
Boehringer Mannheim, Order-No.: 108 162
Choline kinase from yeast (EC 2.7.1.32), specific activity 0.5
U/mg
Boehringer Mannheim, Order-No.: 348651
Lactate dehydrogenase, (EC 1.1.1.27), specific activity 550 U/mg
at 25 °C from rabbit muscle
Boehringer Mannheim, Order-No.: 127 330
Pyruvate kinase (EC 2.7.1.40), specific activity 200 U/mg at 25 °C
from rabbit muscle
Boehringer Mannheim, Order-No.: 127418
Sample ma te r i a l
Sera from the experimental series "Prospective epidemiological
study'in Company employees in Westfalia" were used äs sample
material. Blood samples were drawn in the morning in a specially
equipped bus after a fasting period of at least 12 hours. The serum
samples obtained were stored at +4 °C and arrived at our labora-
tory after a maximum of 3 days. Analysis was carried out within 24
hours after receiving the serum samples.
Methods
HDL Isolation
HDL was isolated by ultracentrifugation or precipitation of apoli-
poprotein B-containing lipoproteins äs described previously in de-
tail (9).
Enzymatic determination of phosphatidyl choline
Phosphatidyl choline was determined enzymatically according to
the following pririciple:
Reactions
Phosphatidyl choline phospholipase c | phosphorylcholine
+ diglyeerides





+ NADH + H+








0.15 mol/1 NaCl 0.980
Glycine buffer (0.2 mol/I 0.500





Phospholipase C 0.050 (4 U) 0.050 (4 U)
Alkaline phosphatase 0.010 (6,5 U) 0.010 (6,5 U)
Sample 0.020
The mixture is incubated for 30 minutes at 37 °C followed by de-
naturation of proteins by heating at 95 °C for 10 mirmtes. After
cooling to room temperature, the denatured proteins afe centrU
fuged out in an Eppendorf 3200 centrifuge. From the supernatant
obtained from the sample solution and: reageöt blank solution
l ml is placed in Eppendorf K cuvettes (No, 4071 306.009), to
which are added 0.050 ml coenzyme solution1) (4 mmol/l NADH,
20 mmöl/1 ATP, 7 mmol/1 phosphoenolpyruvate (crystallized tri-
cyclohexylammonium salt), and 0.020 nil pyruvate kinase/lactate
dehydrogenase mixture (300 kUA each). The reaction solution is
then mixed well and, after 10 minutes of incubation at 37 °C, the
absorbaiice AI is measured at 365 nm (against H2O). Afterwafds
0.025 ml choline kinase (2 kU/1) is pipetted into the solution and
mixed well; absorbance A2 is then measured after 7 minutes, and
absorbance AS after an additional 7 minutes.
calculations:
(sample, blank) = (Ai - A2) - (A2 - A3)
= AAsampie - AAblank
Concentration: x 1.56 x 1.095 x 1.1
0.02 x l x 3.44 [mmol/1]
The factor of 1.1 is omitted in the determination of HDL phos-
phatidyl choline in samples isolated by ultracentrifugation.
the solution also contains 45 mmol/1 glutöse (9)
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Determination of phosphatidyl choline after Separation of phos-
pholipids by thin layer chromatography
The phospholipids are extracted, the thin layer chromatography
of phospholipids is carried out and the phosphate is assayed äs
described in detail elsewhere (9).
Results
Accuracy and precision of the HDL phosphatidyl
choline assay
Regression analysis of the data collected after pre-
cipitation with phosphotungstic acid/MgCh (y) and
following ultracentrifucation (x) showed close agree-
ment of the HDL phosphatidyl choline values from
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Fig. l. Regression analysis of the phosphatidyl choline values, äs
determined from the HDL fractions isolated by ultracen-
trifugation (1.063— 1.21 kg/l) (x) and from the supernat-
ant fraction isolated by precipitating apolipoprotein B-
containirig Hpoproteins (y).
y = 0.93 x + 0.11; r = 0.93
Nioreover, comparison of the HDL phosphatidyl
choline values obtained by the enzymatic method (y)
with those obtained by the conventional chemieal
method (x) (Separation of phosphatidyl choline by
thin layer chromatography following lipid extraction,
phosphate determination after hydrolysis with
perchloric acid) showed a good measure of agree-
ment (r = 0.85; y = 0.81 x H- 0.28) (fig. 2). Compar-
ison with the conventional Standard method could
only be performed with HDL fractions whieh has
been isolated by sequential ultracentrifugation, since
the phosphatidyl choline fractions isolated from the













Fig. 2 Regression analysis of the HDL phosphatidyl choline
values (1.063-1.21 kg/l) analysed by both the chemical
method (x) and the enzymatic method (y).
y = 0.81 x -H 0.82; r = 0.28
A value of 6.5% ( ± SD: 1.60 ±0.11 mmol/l;
n = 20) was determined äs the Variation coefficient
for the precision in series. The Variation coefficient
for the precision from day to day, äs determined
from serum samples stored at —18 °C, was 10.5%
(x ± SD: 0.90 ± 0.09 rnmol/1; n = 14).
Specificity of the HDL phosphatidyl choline assay
By thin layer chromatography of the lipid extract,
which was isolated from the apolipoprotein B-free
supernatant after the action of phospholipase C
(0.5 ·*- 4 U phospholipase C per 100 solution), we
only observed cleavage of phosphatidyl choline and
not of sphingomyelin or of lysosphatidyl choline (not
shown).
Linearity of the HDL phosphatidyl choline assay
The linearity of the enzymatic determination of
HDL phosphatidyl choline was checked by addition
of various sample volumes to the test solution. As
illustrated in figure 3, the differences in absorbance
rneasured in the ränge between 0.010ml and
0.150 ml of sample (apolipoprotein B-free supernat-
ant) per iricubation solution were directly propor-
tional to the added sample volumes.
Sample stability
Storage of the sample materials may have an effect
on the accuracy of the HDL phosphatidyl choline
values due to the activity of lecithin: cholesterol
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Tab. 2. Percentage change in HDL phosphatidyl choline values
β after storage of blood sera and apolipoprotein B-free
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) p < 0.01
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Fig. 3. Measured values s a function of the sample volume used
in the enzymatic determination of HDL phosphatidyl cho-
line; double values were collected for the assay.
acyltransferase (LCAT) or phospholipases in the se-
rum. In order to investigate the possible influence of
the time interval between drawing blood and centri-
fuging the sample, 4 different blood samples were
centrifuged at various times after .the blood was
drawn. As indicated in table l there was no differ-
ence in HDL phosphatidyl choline values for the
samples left Standing at room temperature for be-
tween 15 and 120 minutes after the blood was
drawn. Furthermore, neither storage of blood sera
for l week at -18 °C, nor storage of blood sera or
the corresponding apolipoprotein B-free supernat-
ants for 72 hours at 4-4 °C had any effect on the
HDL phosphatidyl choline concentrations (table 2).
However, storage of sera or the corresponding apoli-
poprotein B-free supernatants at +20 °C for 24
hours resulted in a slight decrease (on the average
6% and 10%, respectively) in the HDL phosphatidyl
choline values. A decrease (average 16%) of the
original HDL phosphatidyl choline values was ob-
served only after the blood sera had been stored for
l week at +4 °C.
uals
Table 3 shows the HDL phosphatidyl choline values
measured in normal individuals (162 men and 59
womeii). The HDL phospholipid fraction investigat-
ed exhibited nearly normal distribution in both
sexes. In women, higher HDL phosphatidyl choline
values were observed than in men (p < 0.01). As
shown in table 4, in both sexes HDL phosphatidyl
choline values were independent of age.
Tab. 3. Distribution of HDL phosphatidyl choline values
(mmol/1) in normal individuals (prospective epidemiolog-
ical study in Company employees in Westfalia)
Phosphatidyl choline
men women





























Tab. 4. HDL phosphatidyl choline values (mmol/1) in normal in-
dividuals of different ages (Prospective epiderniological








HDL phosphatidyl choline values from the apolipo-
protein B-free supernatant of blood sera s a function of
the time between drawing the blood and centrifugation of
the sample, in 4 different probands.
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Discussion
The method used here to determine phosphatidyl
choline in the apolipoprotein B-free supernatant of
blood sera was developed for the analysis of phos-
phatidyl choline in amniotic fluid (8). The analytical
principle is based on the enzymatic cleavage of phos-
phatidyl choline with phosphilipase C and the enzy-
matic determination of the choline released after hy-
drolysis of the phosphorylcholine. The phospholi-
pase C from B. cereus.used in the test System specifi-
cally cleaves phosphatidyl choline and does not
cleave other choline containing phospholipids such
äs sphingomyelin and lysophosphatidyl choline.
Recently an enzymatic method for determination of
total choline containing phospholipids (phosphatidyl
choline, lysophosphatidyl choline, sphingomyelin) in
the apolipoprotein B-free supernatant fraction has
been reported using phospholipase D and choline
oxidase (10). However, the analysis of total choline
containing phospholipids in the supernatant ob-
tained after precipitation of apolipoprotein B-con-
taining lipoproteins does not take account of the fact
that a main part of the lysophosphatidyl choline mo-
iety recovered in the supernatant is bound to album-
in. The determination of the individual phospholip-
ids e.g. phosphatidyl choline (or sphingomyelin), in
the apolipoprotein B-free supernatant avoids this
problem.
The determination of HDL phosphatidyl choline has
not become routine, due to the elaborate nature of
the analysis. To our knowledge, no HDL phospha-
tidyl choline data were hitherto available.
As our results show, the HDL phosphatidyl choline
values obtained with the enzymatic method agree
closely with the values obtained by the conventional
Standard method. Furthermore, we observed agree-
ment of the phosphatidyl choline values from the
apolipoprotein B-free supernatant fraction with
those of the HDL fraction isolated by ultracentrifu-
gation. The lines of regression analysis $hown in fig-
ures 2 and 3 indeed do not cross the zero point. This
may be due to statistical reasons; since the intercepts
are relatively low.
One of the most important problems with regard to
the accuracy of the HDL phosphatidyl choline analy-
sis in stored sample materials may be the potential
effect of phosphatidyl choline cleaving enzymes.
Among the enzymes involved, lecithin: cholesterol
acyltransferase (LCAT) exerts the most influence on
the stability of HDL phosphatidyl choline. However,
äs shown in the present work, the usual conditions of
sample storage do not significantly affect HDL phos-
phatidyl choline concentrations. As recently demon-
strated by Albers et al. (11), the initial lecithin: cho-
lesterol acyltransferase activity in plasma, measured
äs the initial rate of cholesterol esterification, was
0.106 ± 0.03 mmol/1 · h at 37 °C. From this result it
can be calculated that on average 10% of HDL
phosphatidyl choline measured in normal individuals
can be converted into lysophosphatidyl choline if the
plasma is stored at 37 °C for l hour. This calculation
is also confirmed by recent results of Dieplinger &
Kostner (12). However, in our study, blood samples
were usually stored at room temperature for 15 to 30
minutes before they were centrifuged, and the sera
were stored at +4 °C. Thus, it is unlikely that leci-
thin: cholesterol acyltransferase activity has a signifi-
cant effect on the accuracy of our results. Our find-
ings show that the influence of lecithin: cholesterol
acyltransferase and phospholipases is even negligible
if blood is centrifuged within 120 minutes after
drawing, and also if the blood serum is stored for
2-3 days at +4°C, or one week at -18 °C.
%
Recently we reported a method for the enzymatic
determination of HDL sphingomyelin (9). The Vari-
ation coefficients of 10.5% (precision from day to
day) and 6.5% (precision in series) which we deter-
mined for the HDL phosphatidyl choline assay, are,
however, slightly higher than the corresponding
values we obtained in testing the precision of the
HDL sphingomyelin assay (9). The lower precision
for the HDL phosphatidyl choline assay äs compared
with the HDL sphingomyelin assay is apparently due
to the greater dilution of samples for the HDL phos-
phatidyl choline assay. The dilution of l : 50 for the
samples for the phospholipase C-catalyzed cleavage
of phosphatidyl choline is necessary to avoid turbidity.
In view of increased interest in the determination of
HDL phosphatidyl choline clinical laboratories need
suitable material for quality control. Obviously lyo-
philized sera are not suitable for the precipitation of
apolipoprotein B-containing lipoproteins (2, 12).
The use of sera pools stored at <—15 °C may be an
alternative. In our experience, in frozen sera, HDL
phosphatidyl choline äs well äs other HDL constitu-
ents such äs HDL apolipoprotein A—I, HDL apoli-
poprotein A^II or HDL sphingomyelin, are stable
for more than 12 weeks.
The enzymatic method reported here is specific for
phosphatidyl choline and involves considerably less
effort than the conventional methods for determin-
ing phosphatidyl choline used to date. Assuming a
sample toad of 20—30 samples per day (duplicate as-
says), it is clear that this method is quite suitable for
epidemiological studies.
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